A frontal infundibular cell (FIC) is an uncommon anatomic variant of an anterior ethmoid pneumatization that originates from the frontal recess and typically extends into the lumen of the frontal sinus ostium. FICs may show several anatomic variants that impact the anatomy of the frontal recess. Familiarity with these variants is required for safe endoscopic sinus surgical procedures. We conducted a retrospective chart review, examining 1,040 frontal recesses in 520 adults with no frontal sinus disease, to explore the anatomy of the healthy frontal recess and to describe the prevalence of FICs in patients without a history of conditions that cause frontal pneumatization. Review of axial and coronal computed tomography data, which were reformatted for sagittal reconstruction, was performed at a computer workstation. Bent and Kuhn's classification was used to define types of FICs. We identified 167 patients (32.1%) as having unilateral or bilateral FICs. Type I infundibular cells were the most common type (found in 15.7% of the entire study population). Type II and type III FICs were found in 3.8% and 12.1%, respectively; type IV FICs were present in 0.4%. The FIC has not been emphasized as an important potential cause of frontal sinus obstruction in the radiology literature, but clinicians should specifically watch for it on all routine computed tomography of the frontal sinus. Fine-cut computed tomography scans aid in the identification of each individual cell and allow the surgeon to formulate a clear and precise surgical plan. A surgical plan with a thorough understanding of the anatomy enables confident dissection of this complex and difficult area.
Introduction
The frontal sinus and its drainage pathway comprise one of the most complex anatomic areas of the anterior skull base, with many anatomic variations. An intimate knowledge of frontal sinus anatomy and its variations is required for safe and effective surgical management of problems with the frontal sinus drainage pathway. Every endoscopic sinus surgeon must have a thorough knowledge of this normal, as well as abnormal, anatomy. This will enable the surgeon to perform endoscopic sinus surgical procedures with more confidence, to determine an appropriate surgical treatment plan, to minimize complications, and to maximize the possibility of a good surgical outcome.
Current advances in computed tomography (CT), which has become an integral part of the diagnostic armamentarium for sinus surgeons, have made demonstration of this complex anatomy easier and more useful.
A frontal infundibular cell (FIC) is an uncommon anatomic variant of an anterior ethmoid pneumatization that originates from the frontal recess and typically extends into the lumen of the frontal sinus ostium, above the level of the agger nasi cell. 1 FICs may show several anatomic variants that have an impact on the anatomy of the frontal recess and the anterior skull base. 2 Familiarity with these anatomic variants is required for safe anterior skull base and frontal recess surgery.
In this study, the frontal recess anatomy of 520 adult subjects with no frontal sinus disease is reviewed by a detailed study of CT images at a computer workstation, with special reference to infundibular cells. In this manner, we aimed to explore the anatomy of the healthy frontal recess and to describe the prevalence of FICs in patients without a history of conditions that cause frontal pneumatization.
Patients and methods
The study protocol for a retrospective chart review was approved by the Ethics Committee. We reviewed paranasal sinus CT scans performed between May each of the paranasal sinuses is close to critical orbital and skull base structures.
Many factors contribute to making the frontal sinus infundibulum one of the most challenging areas to access in sinus surgery. The small diameter, the anterior location, and orientation within the frontal bone, as well as the anatomic relationship with the orbit, skull base, and different groups of frontal recess cells, make the anatomy difficult to identify endoscopically. The FICs represent a series of anterior ethmoidal cells directly superior to the agger nasi cell, coursing along the anterior wall of the frontal outflow tract. These cells develop clinical significance either by obstructing the frontal recess or, less commonly, by becoming primarily infected.
There was a paucity of relevant literature and there was considerable variation in the definition of FICs until Bent and Kuhn divided them into four categories, based on 2008 and July 2009 on a spiral CT scanner (Toshiba Asteion VF; Ōtawara, Japan) from 520 adult patients with no frontal sinus disease. Review of axial and coronal CT data, which were reformatted for sagittal reconstruction, was performed at a computer workstation. These patients underwent CT scanning for a variety of indications (table) . Exclusion criteria included a clinical history of frontal sinusitis, inflammatory disease of the frontal recess, frontal sinus mucocele, sinonasal polyposis, fibro-osseous lesions, congenital anomalies, previous nasal surgery, and sinus malignancy.
Bent and Kuhn classified frontal infundibular air cells into 4 types (figure 1): type I, a single air cell above the agger nasi cell; type II, a group of air cells above the agger nasi cell but below the orbital roof; type III, a single air cell extending into the frontal sinus but remaining contiguous with the agger nasi cell; and type IV, a single isolated air cell within the frontal sinus and not contiguous with the agger nasi cell. 1 Data were analyzed using the Statistical Package for Social Sciences software (SPSS; Chicago), v. 13.0 for Windows.
Results
The frontal recesses of 520 adult patients (287 women and 233 men) were reviewed in the study. None of the patients had a clinical history or radiographic evidence of frontal sinus disease. The mean age was 40.3 years (range: 18 to 78 years). Indications for obtaining the CT scans are outlined in the table.
We identified 167 (32.1%) patients as having unilateral or bilateral FICs. FICs were found in 317 of 1,040 (30.5%) frontal recesses reviewed. Of the 167 patients with FICs, 82 (49.1%) had type I, 20 (12%) had type II, and 63 (37.7%) had type III (figure 2, A-C); only 2 patients (1.2%) were identified as having type IV FICs (figure 2, D). When the entire study population with normal frontal sinuses was studied (N = 520), type I FICs were the most common (15.7%). Type II and III FICs were found in 3.8% and 12.1%, respectively, of the population; type IV FICs were present in 0.4%.
Discussion
Even with the most sophisticated radiologic techniques and surgical tools, the safety of endoscopic sinus surgery still depends greatly on the surgeon's knowledge and experience. A thorough knowledge of the common normal anatomic variants is essential to avoid complications, as their relationship to the agger nasi cell and the orbital roof. 1, 3 Although the anatomic criteria and the prevalence of various types of frontoethmoidal cells such as agger nasi cells, supraorbital ethmoid cells, suprabullar, and frontal bullar cells are well defined in the literature, relevant data about the relatively newly classified FICs is still insufficient. FIC types I, II, and III are rather easy to recognize on paranasal sinus CTs, but type IV, which is quite rare and appears as an isolated cell in the frontal sinus, may be more difficult to recognize. The data we obtained in the current report should be compared with previously published data, although such comparisons are limited by differences in technique (cadaveric dissection, CT scans, computer-enabled CT review, etc.), as well as differences in terminology and definitions.
Meyer et al revealed that of patients with FICs, types I, II, and III were observed in 14.9%, 3.1%, and 1.7%, respectively, of patients; they observed type IV cells in 2.1% of their patients. 4 Leunig et al found a prevalence of 17%, 6.8%, 12.5%, and 0.1% for types I, II, III, and IV, respectively. 5 DelGaudio et al, in their study of 117 patients, identified 33.0% of patients as having unilateral or bilateral frontal cells, with type I cells the most common. 6 In the study of Han et al, of all the normal frontal cells identified in 39.6% of frontal recesses, the prevalence of type I, II, and III FIC cells was 24.4, 7.0, and 8.2%, respectively. 7 Coates et al identified type III and IV cells in a range of 1 to 2%. 8 Lee et al, in their triplanar CT review, revealed a prevalence of types I, II, and III as 37%, 19%, and 8%, respectively; they did not identify any type IV cells. 9 In summary, a review of the available literature suggests that FICs show a broad spectrum of prevalence, and their precise prevalence is unknown. 1, 2, 8 We identified 32.1% of patients whose CTs we reviewed as having FICs. Type I FICs were the most common (found in 15.7% of the entire population); type II and III were found in 3.8% and 12.1%, respectively, and type IV were present in 0.4%. However, the prevalence described in our current report has slight differences from previous reports.
We identified type I cells as the most common, as seen in the literature review, but we found type III cells to be the second most common type of FICs. This is consistent with the findings of Leunig 5 and Han. 7 These differences probably reflect inconsistent use of anatomic terms and conflicting data presentation as a result of different methods. For example, the current study's CT scan data provide a more complete representation of patient anatomy when compared with a standard coronal sinus CT, which is the mainstay of most CT sinus anatomy studies.
Studies in the literature are mainly focused on frontal sinus anatomy in patients with chronic frontal sinusitis, and most have not specifically excluded patients with frontal sinus disease. However, frontal sinus development may occur into early adulthood and also, inflammatory conditions, frontal sinus mucocele, sinonasal polyposis, fibro-osseous lesions, congenital anomalies, previous na- sal surgery, and sinus malignancy may directly influence and distort the bony architecture of the frontal sinus. 10 Our study describes frontal recess pneumatization patterns with special reference to the infundibular cells, in the absence of frontal sinus disease. As our study consists of patients that did not have frontal sinus disease, the data collected revealed information on FIC anatomy for normal frontal sinuses.
Many other studies in the literature describe paranasal anatomy by presenting data from CT scans; those studies in general have relied solely on review of CT films. In contrast, our study was performed by reviewing CT data at a computer workstation, and also the current study incorporated thin-cut 2-mm axial and coronal data, which were reformatted with software for sagittal reconstruction.
Studies such as ours that review CT images definitely possess certain limitations. The primary limitation is that the studied images are not the actual anatomy, being only radiographic representations. Errors in CT scan acquisition, limitations of image resolution, and errors in software image processing may distort CT images and influence the apparent results. Another limitation of our study is that it included a relatively small group of patients. Despite these limitations, we think that our study contributes to the existing literature since the knowledge about FICs is not fully completed and because studies that provide useful clues to the interpretation of the frontal recess anatomy are relatively few.
In conclusion, preoperative imaging helps the surgeon to recognize anatomic variants, in order to reduce the risk of complications while performing surgery. Variants predisposing to frontal sinus obstruction have been well described in the radiology literature, and the FIC has been emphasized as an important potential cause of frontal sinus obstruction. Therefore, attention should be given to this matter on all routine CT sinus reporting. Fine-cut CT scans aid in the identification of each individual cell and allow the surgeon to formulate a clear and precise surgical plan. A surgical plan with a thorough understanding of the anatomy allows for confident dissection of a complex and difficult area.
